The automated techniques of measurement of water parameters are developed based on flow analysis (flow injection analysis, sequential injection analysis). PEDD detectors (paired emitterdetector diode), built with the use of two paired light-emitting diodes (LEDs) -emission and detection, can serve that purpose. The aim of the studies was to optimize the system for determination of the dissolved organic substances in coloured water with the use of PEDDs in the flowing-stream measurement system. The investigations were conducted for a number of concentrations of the humic, fulvic and tannic acids, which were measured as the dissolved organic carbon (DOC). Three arrangements of diodes (PEDD) with a selected emission spectrum and absorption characteristics were used. A two-beam flow cell was designed for the measurements. The signal from the detection diode was recorded and converted into absorbance through software written for that purpose. The results obtained showed a high sensitivity in relation to the concentration as well as the selectivity in the type of substances studied. A miniature and cheap photometric flow analysis set was proposed, adapted to work with one or several light wavelengths and steered by a microprocessor unit.
INTRODUCTION
Dissolved organic matter (DOM) is a mixture of chemical compounds of various structure and proprieties. Dissolved organic carbon (DOC) indicates the quantitative content of organic components after they are filtered thorough 0.45 μm pore size filter. Further fractionation of DOC requires the use time-consuming and complicated procedures and analytic methods (Standley & Kaplan ) .
We distinguish the three main fractions: humic acids (HA), fulvic acids (FA) and hydrophilic substances (Ma et al. ) . The separation of the fractions is conducted on XAD 8 and XAD 4 resin types, while the criterion of solubility in acid environment pH ¼ 1 enables separation of FA from HA (Malcolm & MacCarthy ) . The ordinary division takes into account hydrophobicity as well as acid-basic properties (Aiken et al. ; Guoa et al. ) . The aromatic fraction content -hydrophobic (FA, HA) in compositionof high-coloured surface waters changes from 68 to 79% depending on the season of the year (Sharp et al. ) . The hydrophobic DOC fraction also includes natural polyphenols of vegetable origin, e.g. soluble tannins (Leenheer & Croué ) . The hydrophobic fraction is characterized by the presence of aromatic condensed polyphenolic structures (polymeric) related to different aliphatic formations (González-Vila et al. ) . This fraction plays an important role in the environment -taking part in bonding and transportation of substances (including impurities) (Koopal et al. ) . The content of dissolved organic substances in water, especially HA, is crucial in water processing. These substances can be the precursors for disinfection products hazardous to health, as well as have a negative impact on water quality indicators (colour, chemical oxygen demand) (Singer ) . Therefore, they are eliminated from water, mainly through chemical coagulation. The size and the precision of coagulant dose depend on the measured content of those substances in the water undergoing the process of purification (Libecki & Dziejowski ) .
The absorbance spectrum of the DOC solutions enables a quantitative analysis at every wave length within the range of 200-500 nm (Moore ) . The presence of aromatic rings and the unsaturated bonds enables us to identify the dissolved substances through absorbance measurements within the range of UV-visible (UV-VIS) radiation, despite lacking specific maxima of absorption. The measurements of the absorbance at UV (A 254 nm ) to the quantitative determination of the DOC are applied (Frimmel & (Uyguner & Bekbolet ) . The spectrophotometric method of determination and identification of the hydrophobic fraction of the DOC is quick and simple, and is burdened by error smaller than that of extraction using XAD ionite (Dilling & Kaiser ) .
The spectrophotometric methods are adopted to multiparametric analysis of water and sewage by flow methods because of their precision and rapidity of measurement (Thomas et al. ) . Automation of measurements is the advantage of the flow methods: filling up the measuring dish, detection and outflow of reagents. The light-emitting diodes (LEDs) often replace hydrogen or deuteric lamps for the UV range, and tungsten or halogen lamps for the VIS range, as the source of light (Deflandre & Gagne ) , while photocells, photomultiplayers, photoresistors, photodiodes, transducers charge-coupled devices are applied as the detectors. In the photometric set, the appropriate light wavelength is usually selected with an optical filter. In order to precisely select the wavelength in spectrophotometers, monochromators in the shape of a prism or diffractive grating are used, causing the polychromatic light beam to split. The flow systems containing the elements mentioned constitute a fairly complicated detection system. In recent years, there have been publications regarding the PEDD (paired emitter-detector diode) photometric detectors, built with the use of two paired LEDs -emission and detection.
LEDs also act as photodiodes in addition to generating light. The spectral sensibility of an LED has a narrower range than that of a typical photodiode, so it can serve as a selective photodiode. The spectral sensibility of an LED is highly correlated to its emission spectra and is shifted towards shorter waves.
This work presents an attempt to determine and characterize the organic substances contained in the hydrophobic fraction of the DOC of coloured waters, using a prototype flow PEDD mini-detector.
The aim of the investigations was:
• to determine the relationship between concentration of the referential DOC and the absorption of radiation in the chosen arrangements of PEDD diodes in the flow system;
• to choose an optimum arrangement for determining and characterizing the aromatic DOC fraction.
METHODS

Stock solutions
Humic acid solution (Aldrich HA)
The stock solution was prepared through dissolving 1,000 mg dry mass Aldrich HA in a 100 mL 0.1 M NaOH solution. The solution was then neutralized with HCl to pH ¼ 6.0 and left for 48 h until the precipitate had settled. The solution above the precipitate was filtered through a 0.45 μm pore size filter (PALL Co.) and used for preparing the solutions for experiments.
Fulvic acid solution
The FA solution was prepared from a peat extract with a modified method for extraction of soil humic substances (Kononowa ). Acid peat (pH ¼ 3.5) was used to prepare the peat extract. The peat was sieved through a sieve with 2 mm mesh. Peat (2.8 g) was initially treated with 0.1 M HCl for 24 h in order to decalcify it and then washed with demineralized water. The sample of peat was treated with 200 mL 0.1 M NaOH for 24 h, and then filtered and washed with demineralized water. The supernatant was acidified to pH ¼ 1.0 with 5 M HCl. After 5 h of sedimentation, the solution was decanted into a 500 mL flask, and the solution was neutralized with NaOH to pH ¼ 6.0 and completed to 500 mL. The FA solution prepared that way was filtered through a 0.45 μm pore size membrane filter and used to prepare the solutions for the experiments.
Tannic acid solution
The solutions for the experiments were prepared through dilution of the stock solutions with the concentration of 1,000 mg/L of dry mass TA (Roth). The TA solutions were left in the dark for a week in order for their colour to deepen (auto-oxidation).
Solutions for the experiments
All the solutions for the experiments were prepared using demineralized water (Millipore -Milli Q). For each of the substances studied, a series of nine samples differing in concentration were prepared (Table 1) . Each sample contained 168 mg NaHCO 3 /L in addition to the organic substance, which allowed for pH 8.0 ± 0.1 to be maintained.
Analytical methods
Measuring arrangement in the flow system Selection of LEDs in PEDD systems:
Standard measurements: 
RESULTS AND DISCUSSION
Colour of the solutions studied
Colour is one of the physicochemical parameters defining the quality of water. The characterized colour of the studied solutions of organic substances (HA, FA, TA), which changed depending on the kind of substance dissolved, and at a concentration of 10 mg DOC/L, was 202, 28 and 98 mg PtCo/L respectively. Based on the results of the investigations, the exact correlation (r 2 ¼ 1) between the colour expressed with the mg PtCo/L unit and the concentration of substances studied was found. The colour of water indicates the presence of complex organic substances, e.g. HA (Lambert & Graham ) . The colour of water results from absorption of VIS-range radiation by chromophoric groups of structures of dissolved substances, including multiple bonds, such as -C ¼ C-, ¼C ¼ 0, ¼C ¼ S¼. Considerable differences in colour of solutions are a result of the differences between the chemical structure of molecules. A well-known phenomenon is an increase in the absorbance of soil solutions with an increase in molecular mass, percentage C content, degree of condensation and the contents of aromatic rings in a molecule of dissolved organic substances. According to Stevenson () , the use of the Lambert-Beer law for the quantitative determination of humic substances should be preceded by measurement of the extinction coefficient for every type of studied sample depending on its origin. In the case of low molecular mass TA, the growth intensity of colour of the solutions over time (within a week of its preparation) could be caused by oxidation of molecular structures with dissolved oxygen (Nonaka ). Giner-Chavez et al. () pointed out the difficulties in quantitative spectrophotometric analysis of tannins. Like other natural substances, tannins of natural origin differ chemically depending on their place of origin.
PEDD responses
The system for measuring in a flowing stream here enables rapid measurements, recording the analytical signal and determining coefficients. A signal is recorded immediately after the insertion of a portion of solution into the detector through a computer-controlled pump (Figure 1 ). Monitoring signals recorded as peaks is an advantage of this method, in addition to the automation (Figure 2 ). It enables checking the precision of detection chamber washing with a reference solution and analysing the output signal until the stable base line is achieved.
A set of properly selected LEDs (PEDD) -emission and absorptive -guarantees a high accuracy of measurements. The choice of those arrangements was preceded by a spectral analysis using a BPW20R absorptive photodiode as well as a source of polychromatic light -a halogen lamp (Figure 3) .
According to the results of the presented data, the emission spectra are narrower than the absorptive ones, and the absorption maximum does not always correspond with the emission maximum. Therefore, individual arrangements of diodes differ in sensitivity, which is composed of absorption and emission diode sensitivity. The A 3 arrangement should exhibit the highest sensitivity (Figure 3(c) ) and the A 2 arrangement, the lowest (Figure 3(b) ). However, in the case of investigation of coloured solutions, the PEDD sensitivity also depends on absorption spectra of the substances dissolved. Therefore, the limit of detection of these substances in the range of UV and VIS would depend on the sensitivity of the detector and the composition of the solutions.
DOC determination and characterization
The results of measurements using the LED detector are presented in Figures 4-6 . There was a very good correlation for all applied arrangements of diodes in the results of absorbance vs. concentration of DOC described by the function y ¼ ax, r 2 > 0.99 for HA (Figure 4 ) and FA ( Figure 5 ), and r 2 > 0.95 for TA (Figure 6 ).
The PEDD detection sensitivity decreased in the order: A 1 > A 2 > A 3 for every solution analysed. The sensitivity of detection differed significantly depending on the kind of organic substances and decreased in the order: HA > TA > FA. The sensitivity of measurements using PEDD affected the mutual inclination of the curves A 1 vs. A 2 . The curve inclination effect can be involved with the structure of particles of organic substances. A smaller angle of curve inclination corresponds to larger molecular structures with more hydrophobic structures, e.g. HA (molecular weight (MW) ∼ 19,000). The qualitative spectrophotometric characteristic of solutions is shown in more detail in Table 2 .
The measurements of absorbance using a spectrophotometer at 250 and 365 nm wavelengths were conducted in order to characterize DOC qualitatively. E 2 /E 3 (A 250 /A 365 ) values confirm the correlation between their increase and a decrease of molecular mass of organic compounds as well as a decrease in amount and condensation of structures in aromatic particles (Peuravuori & Pihlaja ) .
That spectrophotometric profile was compared to the PEDD detector data. The values of coefficients for PEDD, A 1 , A 2 , A 3 (Table 2) , were determined based on the y ¼ ax equations of correlation between the absorbance measured in LED systems and the DOC concentration. The A 1 /A 2 proportion is the lowest for HA and increases in the order 
CONCLUSIONS
• Based on the spectrophotometric studies conducted, one can conclude that the colour of solutions of organic substances of natural origin depends on their chemical structure -their size and the degree of condensation of aromatic structures. Therefore, calibrations are required for every type of substance.
• The PEDD detector enables rapid signal recording and simple calibration.
• The signal received from the PEDD detection diodes correlated well to the concentration of organic substances dissolved in the sample (r 2 > 0.95). The best, almost linear, dependence was achieved for FA and HA (r 2 > 0.99).
• The nature of organic substances had the greatest impact on the sensitivity of the LED system. The proportion of A 1 /A 3 determined based on the signal from the UV/ white and the green/yellow diode system was chosen for characterizing the qualitative composition of the solution and is recommended for further applications.
• The studies should be continued and for solutions of diverse DOC composition and for natural waters. To analyse the hydrophobic fraction of DOC, the miniature and very cheap photometric detector ( Figure 7 ) with two diode systems can be used. This detector can be controlled with a microprocessor unit with an analogueto-digital converter or connected to a portable microcomputer through an analogue-to-digital converter and the USB port. (Peuravuori & Pihlaja 1997) .
Figure 7 | PEDD detector for coloured water analysis. 1 -teflon block; 2, 3 -flow channels on the optical way of two pairs of diodes; 4, 5, 6, 7 -the paired LEDs, of which the UV and green ones are emission diodes; 8, 9, 10, 11 -a small window letting light through and separating diodes from the solution; 12, 13, 14 -inflow and outflow channels.
